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$t$ $x$ $x$ (1.1)
$t$ $dx/dt$ $t$ $x$
(1.1) $\tau>0$
(12) $\frac{dx(t)}{dt}=ax(t-\tau)$
$x(t)=Ce^{at}$ , ( $C$ : )
1 $\tau=0.2$ ( )
$\tau=0$ ( ) $0$ $\tau=0.6$ ( $1$ )
$\tau=0.8$ (2 )
Hutchinson [3]
(1.3) $\frac{dx(t)}{dt}=ax(t)(1-\frac{x(t-\tau)}{K})$ , ( $a,$ $K$ : )
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1: $a=-2$ (1.2) $\tau=0$ ; $\tau=0.2$ ;1







[6, Fig. 4.8]. (1.3) [11] 32
2: $a=-2,$ $K=100$ (12) $\tau=0$ ; $\tau=0.2;1$
$\tau=0.6;2$ $\tau=0.8$ $x(s)=10(s\in[-\tau, 0])$ .
Mackey & Glass [5] ( )













$u(t)=K(y(t-\tau)-y(t))_{;}$ ( $K$ : )
$(K=0)$ (1.5)
( 4 ). Pyragas $K$ $\tau$
$\tau$
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$K=0.2,$ $\tau=5.9$ $K=0.2,$ $\tau=11.75$
( 5 6 ). $u(t)$
$u(t)=\{\begin{array}{ll}-0.1, K(y(t-\tau)-y(t))\leq-0.1K(y(t-\tau)-y(t)), -0.1<K(y(t-\tau)-y(t))<0.10.1, K(y(t-\tau)-y(t))>0.1\end{array}$
7 $\tau=17.5$
$x(s)=1,$ $y(s)=z(s)=0(s\in[-\tau, 0])$
4: (15) 5: $K=0.2,$ $\tau=5.9$ (1.5)
$(100\leq t\leq 200)$ .
6: $K=0.2,$ $\tau=11.75$ (15) 7: $K=0.2,$ $\tau=11.75$ $u(t)$










(to, $x_{0}$ ) $\in \mathbb{R}\cross E$
$x(t_{0})=x_{0}$
$t\in \mathbb{R}$ (2.1) $x$
$[-\tau, 0]$ $E$
$C:=C([-\tau, 0]_{:}E)=\{\phi:[-\tau,$ $0]arrow E:\phi$ $\}$
$\tau>0$ $E$ $|x|(x\in E)$
$E$ $C$
$\Vert\phi\Vert=\sup_{-\tau\leq s\leq 0}|\phi(s)|$ , $(\phi\in C)$
$C$
$[\sigma-\tau, \sigma+a](\sigma\in \mathbb{R}, a>0)$ $x:[\sigma-\tau, \sigma+a]arrow E$
$x_{t}\in C$
$x_{t}(s)=x(t+s)$ , $(-\tau\leq s\leq 0)$



























(21) $x(t)$ $[t_{0}-\tau, t_{0}+a]$
$(t_{0}\in \mathbb{R}, a>0)$ (2.2) $x\in C([t_{0}-\tau, t_{0}+a]_{:}E)$
$t\in[t_{0}, \sigma+a]$ (2.2)
(2.2) $(t_{0}, \phi)\in \mathbb{R}\cross C$
(2.5) $x_{t_{0}}=\phi$








) $f(t_{1}, x(t_{1}-\tau))$ $t_{1}=t_{0}$ $f(t_{1}, x(t_{1}-\tau))=f(t, \phi(-\tau))$























$\lambda$ (3.3) (1.2) (3.2)
(33) (12)
31. $a\neq 0,$ $\tau>0$ (12)
(i)
(ii) $\lambda$ $\overline{\lambda}$
(iii) $\alpha\in \mathbb{R}$ ${\rm Re}\lambda>\alpha$
(12)
(3.4) $x(t)= \sum_{k=1}^{\infty}c_{k}e^{\lambda_{k}t}$




$x(t)=(c_{j_{1}}+c_{j_{2}})e^{\alpha t}\cos\beta t+i(c_{j_{1}}-c_{j_{2}})e^{\alpha t}\sin\beta t$
$c_{j_{1}},$ $c_{j_{2}}$ $c_{j_{1}}=a_{j}+ib_{j},$ $c_{j_{2}}=a_{j}-ib_{j}$





$x(t)=Cte^{\lambda t}$ , ( $C$ : )
$n\in N$
(3.5) $x(t)=e^{\lambda t} \sum_{k=0}^{n}\frac{t^{k}}{k!}c_{k}$ ( $c_{k}$ : )
(12)
$\lambda e^{\lambda t}\sum_{k=0}^{n}\frac{t^{k}}{k!}c_{k}+e^{\lambda t}\sum_{k=1}^{n}\frac{t^{k-1}}{(k-1)!}c_{k}=ae^{\lambda(t-\tau)}\sum_{k=0}^{n}\frac{(t-\tau)^{k}}{k!}c_{k}$




. $\cdot$ . $\frac{t^{n}}{n!}(\lambda-ae^{-\lambda\tau})c_{n}+\sum_{k=0}^{n-1}\frac{t^{k}}{k!}(\lambda c_{k}+c_{k+1}-\sum_{j=0}^{n-k}a\frac{(-\tau)^{j}}{j!}e^{-\lambda\tau}c_{k+j})=0$
$t$ $n$
(3.6) $\triangle(\lambda)c_{n}=0$
$t$ $k(k=0,1, \ldots, n-1)$
$\lambda c_{k}+c_{k+1}-\sum_{j=0}^{n-k}a\frac{(-\tau)^{j}}{j!}e^{-\lambda\tau_{C_{k+j}}}=0$
. $\cdot$ . $( \lambda-ae^{-\lambda\tau})c_{k}+(1-a(-\tau)e^{-\lambda\tau})c_{k+1}-\sum_{j=2}^{n-k}a\frac{(-\tau)^{j}}{j!}e^{-\lambda\tau}c_{k+j}=0$
(3.7) . $\cdot$ . $\triangle(\lambda)c_{k}+\triangle^{(1)}(\lambda)c_{k+1}+\sum_{j=2}^{n-k}\frac{\triangle^{(j)}(\lambda)}{j!}c_{k+j}=0$ .
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$\Delta^{(j)}(\lambda)$ $\Delta(\lambda)$ $\lambda$ $j$ (3.6) (3.7)





$(00$ $\frac{\Delta^{(.2)}(.\lambda)}{\Delta^{(1)}.(2.!}\lambda)\ldots\cdot.\cdot.\cdot$ $\frac{\Delta.(\lambda)\frac{\Delta^{(n)}(\lambda)}{(n\underline{n}_{i)}^{1}}}{(n-1)!}\triangle^{(1)}:(\lambda))(\begin{array}{l}c_{l}c_{2}\vdots c_{n}\end{array})=(\begin{array}{l}00\vdots 0\end{array})$ .
$D_{n}^{1}(\lambda)$ $\det D_{n}^{1}(\lambda)=(\Delta^{(1)}(\lambda))^{n}$




$\frac{\triangle.(\lambda)\frac{\Delta^{(n)}(\lambda)}{(r\iota\underline{n}_{i)}^{1}}}{(n-1)!}\frac{\Delta^{(2)}(\lambda)}{2!}1(\begin{array}{l}c_{2}c_{3}\vdots c_{n}\end{array})=(\begin{array}{l}00\vdots 0\end{array})$ .
$D_{n}^{2}(\lambda)$ $\det D_{n}^{2}(\lambda)=(\Delta^{(2)}(\lambda)/2!)^{n-1}$ $\Delta^{(2)}(\lambda)=$
$-a\tau^{2}e^{-\lambda\tau}\neq 0$ $c_{2}=c_{3}=\cdots=c_{n}=0$
3.1. (3.5) (1.2) $\lambda$ (1.2)
$\lambda$ (1.2)
(i) $\triangle^{(1)}(\lambda)\neq 0$ $c_{0}$ $c_{k}=0(k\geq 1)$
(3.5) $x(t)=c_{0}e^{\lambda t}$
(ii) $\Delta^{(1)}(\lambda)=0$ $c_{0}$ $c_{1}$ $c_{k}=0(k\geq 2)$
(3.5) $x(t)=e^{\lambda t}($ co $+c_{1}$




31 (12) (31) 31
(ii) 1
$\mathbb{C}^{n}$ $\mathbb{C}^{n}$
(3.1) $C=C([-\tau, 0], \mathbb{C}^{n})$
[1] [9]
(3.1) $x_{0}=\phi\in C$ $t$- $x_{t}(\phi)$
$t\geq 0$ $C$ $T(t)$




3.2 ([9, 514] ). (31) $T(t)$ $\mathcal{A}$





















33([9, 515,516] ). $\lambda$ (12) (12)
$\mathcal{M}_{\lambda}(\mathcal{A})$
(i) $\triangle^{(1)}(\lambda)\neq 0$ $\mathcal{M}_{\lambda}(\mathcal{A})=N(A-\lambda I)$ $\Lambda 4_{\lambda}(\mathcal{A})$ 1
$\phi\in \mathcal{M}_{\lambda}(\mathcal{A})$
$\phi(s)=$ co $e^{\lambda s}$ , ( $c_{0}$ : )
(ii) $\triangle^{(1)}(\lambda)=0$ $M_{\lambda}(\mathcal{A})=N((A-\lambda I)^{2})$ $M_{\lambda}(\mathcal{A})$ 2
$\phi\in \mathcal{M}_{\lambda}(\mathcal{A})$
$\phi(s)=e^{\lambda s}(co+c_{1}s)$ , ( $c_{0},$ $c_{1}$ : )









$\Vert T(t)\phi\Vert\leq N_{\epsilon}e^{(\beta+\epsilon)t}\Vert\phi\Vert$ , $(\phi\in \mathcal{N}_{\Lambda}(\mathcal{A}), t\geq 0)$
34. 34 $\phi\in C$
$\phi=\phi+\psi$ , $\phi\in \mathcal{M}_{\Lambda}(\mathcal{A})$ , $\psi\in \mathcal{N}_{\Lambda}(A)$
$T(t)$
$T(t)\phi=T(t)\phi+T(t)\psi$ , $T(t)\phi\in \mathcal{M}_{\Lambda}(\mathcal{A})$ , $T(t)\psi\in \mathcal{N}_{\Lambda}(A)$
$\beta<0$ $\epsilon=-\beta/2$









(i) $a>0$ $\lambda_{0}$ $\lambda_{0}$ $\lambda$
${\rm Re}\lambda<\lambda_{0}$
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(ii) $-1/e<a\tau<0$ $\lambda_{1},$ $\lambda_{2}(\lambda_{1}>\lambda_{2})$
$\lambda$ ${\rm Re}\lambda<\lambda_{1}$













(iv) $-\pi/2<a\tau<-1/e$ $x=0$ $0$
(v) $a\tau=-\pi/2$ $c_{1},$ $c_{2}$
$x(t)=c_{1} \cos(\frac{\pi}{2\tau}t)+c_{2}\sin(\frac{\pi}{2\tau}t)$
(vi) $a\tau<-\pi/2$ $x=0$ $0$
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